Introduction:
INTRODUCTION
Mixed dentition period is the most dynamic phase in terms of changes in occlusion and final outcome of dentoskeletal relationship. During the mixed dentititon period, the orthodontist or paediatric dentist is often asked to provide an accurate diagnosis and treatment of any developing malocclusions. Early i n t e r v e n t i o n o f t h e d e v e l o p i n g malocclusions can be done by a proper space assessment in mixed dentition phase. Thus, mixed dentition arch analysis forms an essential part of diagnostic procedures. It is an important criterion in determining whether the treatment plan is going to involve serial extraction, guidance of eruption, space maintenance, space regaining or just periodic observation of the patient. The 1 2 determination of tooth size arch length discrepancy in the mixed dentition requires an accurate prediction of the mesiodistal width of the unerupted permanent teeth.
Various approaches have been applied to estimate the mesiodistal crown dimensions of unerupted maxillary and mandibular canines & premolars in mixed dentition patients. Statistical methods employing linear regression equations were first used by Moyers and results were published in the form of the well known Prediction tables in his textbook in 1958.
It is also noteworthy that Moyers has provided two sets of data tables for mixed dentition space analysis, one for sexes 3 4 combined given in 1973 , which does not correlate with his sexes separated data published in 1988. Mixed dentition analysis using Moyers tables is widely used and has several advantages. It requires no specific equipment or radiographic projections; used for both arches and, is best done on dental casts. Moyers analysis was however, developed from data obtained from North American children. Anthropological studies reveal that tooth size varies among different races and ethnicities. So, there is a need for studying such racial trends and verifying the authenticity of standard prediction tables in different populations. The present study was conducted with an aim to determine the applicability of Moyers mixed dentition arch analysis in children of Baddi. At the same time, new prediction equations were also formulated with an objective to provide an accurate mixed dentition analysis among Himachal population.
A sample of 120 subjects in the age range of 13 -16 years were selected from various schools within 10 km radius from Bhojia Dental College and Hospital, Baddi. The study was approved by institutional ethics committee. After explaining the nature of the study, permission was taken from the Principal of the schools who in turn took permission from the parents of selected children. Dental study casts of the selected children were made from dental impressions taken with alginate impression material (Marieflex, Septodont Health Care India) and immediately poured with dental stone (Gypstone, Type III, Prevest Denpro Limited) to avoid any dimensional changes. 
MATERIALSAND METHODS
quality and free of distortions.
Exclusion criteria for sample selection were: 1. Physically or medically compromised children 2. Migratory population The teeth measured were the mandibular permanent central and lateral incisors, the mandibular and maxillary permanent canines, and first and second premolars of both arches. The values obtained for the right and left canine premolar segments in each arch were averaged, so that there would be one value for the mandibular canine-premolar segment (LCPMs) and one value for the maxillary canine-premolar segment (UCPMs) for each value of the combined mandibular incisors (LI). Measurements of the mesiodistal crown dimensions of the mandibular and maxillary teeth were made by using a digital caliper with a Vernier scale (Aerospace industries - Figure 1 ), calibrated to the nearest 0.01 mm. The tips of the calipers were precision engineered to ensure the greatest accuracy while measuring the various tooth groups. A standardized method proposed by Moorrees and Reed was used to measure the mesiodistal crown dimensions. The greatest mesiodistal crown dimension of each tooth was measured between its contact points, with the sliding caliper placed parallel to the occlusal and vestibular surfaces. All the three tooth groups (LI, UCPMs and LCPMs) showed sexual dimorphism with significant differences in the mesiodistal crown dimensions for males and females.
These data were then used to develop regression equations y = a + bx a and b are regression coefficients y = dependent variable (predicted width of canine and premolars) x = independent variable (summed width of mandibular incisors)
The coefficient of co-relation(r) was derived to find the co-relation between the sums of canine and premolars in both the arches with that of sum of mandibular incisors. The coefficient of determination (r2) was found to determine the accuracy of the formulated regression equations [ Table 1 ]. The standard error of estimate (SEE) was calculated to determine the validity of the proposed equations. Student's unpaired t-test was applied to compare tooth dimensions between male and female subjects. The actual measurements were compared with the predicted values obtained with the Moyers probability tables at the 35th, 50th, and 75th percentile confidence levels [ Table 2 -5]. P-value of 0.05 was considered statistically significant.
With the help of the data obtained, new regression equations were derived separately for male and female subjects to be used to predict tooth dimension. In this study, Himachal population is chosen for the study which is racially different from the population selected by Moyers for making prediction tables. It has also been well established in the literature that tooth sizes vary considerably between racial groups, therefore, the accuracy of these prediction methods might be in question when applied to population groups other than white people. Nanda and Chawla found a significant disparity between the leeway space of North Indian children and the leeway space that was reported by Nance for American children. Singh and Nanda derived a mixed dentition prediction scale for North Indian population which is different from prediction tables developed by Ballard and Wylie for American white people. The reasons for the tooth size variation in different racial groups have not been clearly elucidated, but obviously, genetic factors play a major role. Nutrition and environmental exposure during tooth development might have secondary role.
The use of digital calipers has been shown to be more accurate method of measuring mesiodistal tooth dimension on dental study models. Hence, they were chosen for this study. The excellent measurement accuracy reduces the possibility of introducing systemic and random errors in measurements. This method was reported to be highly reproducible and accurate for measuring mesiodistal crown widths by Doris et al. For measurement reliability, teeth were measured manually and independently by two investigators and mean of 2 values was taken.
In addition to the racial difference in tooth size, the descriptive statistics showed that the mesiodistal crown widths of all tooth groups measured in this study were significantly larger in males than in females (p<0.001). Similar sex dimorphisms in tooth sizes have been noted in other odontometric studies.
The significant sex difference in mesiodistal tooth dimensions emphasizes the importance of developing mixed dentition prediction aids separately for male and female patients, so that a more accurate tooth size prediction can be made during the mixed dentition period. This sex difference in tooth sizes was also considered by Moyers while modifying his original probability tables that were based on pooled odontometric data. The correlation coefficients obtained in this study (Table 1) were found between the combined mesiodistal widths of the mandibular permanent incisors and that of the canine premolars segment. This may implicate that 60% to 70% of the polygenes that determine tooth size are shared between the mandibular incisors and the canines and the premolars. This common genetic code gives theoretical justification for the estimation of unerupted canine & premolar widths based on the mesiodistal dimensions of already erupted mandibular incisors, even though these teeth belong to different morphologic classes. Using the mandibular permanent incisors as a predictor variable has several advantages: they erupt early in the mixed dentition, can be easily measured, show little variability in size, and are directly in the midst of most space-management problems.
Coefficients of determination, which indicate the predictive accuracy of the regression equations, were between 0.36 and 0.47 for the different canine premolar (Table 1) . This means that 36% to 47% of the total variances in canine-premolar widths are accounted for by knowing the combined mandibular incisor widths. The error involved in the use of the regression equations is indicated by the SEE; the lower the SEE, the better the prediction equation.
The new mixed dentition prediction aids (regression equations and probability tables) developed in this study are presented in Tables 2, 3 , 4 and 5. The use of these prediction aids for estimation of unerupted canine-premolar widths is likely to result in a more accurate mixed dentition space analysis among Himachal children.
Significant differences (p<0.05) were found between the predicted mesiodistal tooth dimensions in the present study and that of the Moyers probability tables at almost all percentile confidence levels. This study revealed that the Moyers charts at the 75th and 50th percentile confidence level overestimates tooth dimensions. When actual values were compared with Moyers chart at the 35th percentile, it showed varied results. Al-Khadra found that the recommended 75% confidence level of the Moyers probability tables overestimated the sizes of canines and premolars of a Saudi Arab population. Probability tables on the Moyers pattern have also been derived by Priya and Munshi (South Indians), Schirmer (black South Africans) and Singh and Singla (Himachal population, North India) and Philip and Prabhakar (Punjab population, North India). Priya and Munshi concluded that the Moyers probability tables underestimated the tooth sizes of South Indian children. Schirmer tested the applicability of the Moyers tables in black South Africans and found highly significant differences (p<0.001) at all percentile confidence levels, in the arches of both male and female subjects, except at the 75%, 85%, and 95% levels in the maxillary arch of females. Singh and Singla conducted a study in the population from the interior of Himachal state and they concluded that the Moyers tables tend to underestimate the mesiodistal canine-premolar widths, including at the recommended 75% level.26 Philip and Prabhakar also found significant differences (p<0.05) between the predicted mesiodistal tooth widths of their study and that of the Moyers probability tables at almost all percentile confidence levels. They concluded that the Moyers tables tend to underestimate the mesiodistal canine-premolar widths including at the recommended 75% and 50% levels.
The present study showed that mesiodistal dimensions 27 of permanent canine & premolars calculated from sum of permanent mandibular incisors more closely approximate at 35th percentile compared to 75th percentile level of probability as suggested by Moyers. Rani and Goel also showed that 35th percentile is more accurate than 75th percentile level of probability suggested by Moyers in South Indian population. 28 Dental Journal of Advance Studies Vol. The observation of present study reaffirm that the Moyers probability tables overestimate tooth sizes of unerupted canine and premolars of Himachal population. Developing new probability tables on the Moyers pattern, specifically for different population groups, can aid in achieving more accurate estimation of unerupted tooth sizes, thus enabling clinicians in early diagnosis and timely intervention of developing malocclusions.
The following conclusions were drawn from this study -1) The prediction methods suggested by Moyers over estimated the actual tooth size of unerupted canine and premolars in Himachal population, therefore these prediction methods are not completely applicable in this population. 2) Moyers chart at 35th percentile confidence level gives more appropriate estimate of width of unerupted canine and premolars as compared to 75th percentile confidence level.
CONCLUSION
The newly formed regression equations provided more precise results. Further studies on a larger population are recommended to get a more accurate result.
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